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Abstract
Background: Gender differences in level of cognitive
functioning are frequently observed, but little is known
about gender differences in rate of decline of cognitive
functioning. Objective: The present study aims to de-
scribe variability between and within men and women
specified for four different cognitive abilities at baseline,
and variability in change in these abilities among men
and women over 6 years. Methods: We started with a
study sample of 1,132 men and 1,175 women, with a
measurement interval of 3 years. At wave 3 of the study,
1,552 of the respondents from wave 1 were still present.
Differences in level and rate of change were estimated
with latent change models. Results: Women have higher
levels of memory functioning then men, but no gender
differences were observed for speed or non-verbal rea-
soning changes. Conclusion: In spite of evidence for a
stronger age-related atrophy of the brain structure of
men, no gender differences in decline of cognitive func-
tions could be observed.
Copyright © 2004 S. Karger AG, Basel
Introduction
A classical question in research on cognitive ageing is
how cognitive functions change within an individual over
age and time, and whether these patterns are different
from one variable to another [1]. The theory of fluid and
crystallized intelligence [2] proposes that cognitive abili-
ties such as non-verbal reasoning, memory, and process-
ing speed – also referred to as fluid intelligence – decline
with ageing, whereas acculturated knowledge – also re-
ferred to as crystallized intelligence – increases with age-
ing. Studies evaluating these predictions observe major
inter- and intraindividual differences in cognitive func-
tioning [1, 3].
One of the variables possibly accounting for inter- and
intraindividual differences in fluid intelligence is gender.
Evidence for gender differences in level of functioning
comes from a study on the structure of the brain, in which
a more pronounced atrophy with advancing age in males
than in females [4] was observed, suggesting that women
are less vulnerable to age-related changes in cognitive
abilities than men. Also studies on the function of the
brain observed gender-related differences in level of cog-
nitive functioning. In those studies, women outperform
men with respect to memory functioning [5] and speed [6]
and men show better results on spatial abilities [6] and
reasoning [7]. Based on significant interactions between
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age and gender, men show less decline in speed and rea-
soning than women [6].
However, to evaluate intraindividual variability in
cognitive functioning and whether men and women differ
in rate of change, longitudinal data are needed. There are
a few studies that focused on gender differences in rate of
change, but results are inconclusive. Larrabee and Crook
[8] observed that women showed less rapid decline in
delayed recall than men, whereas Finkel et al. [9] did not
observe gender differences in rate of change.
The main aim of the present longitudinal study is to
evaluate inter- and intraindividual variability in fluid
intelligence. More precisely, we describe differences in
level of fluid intelligence between men and women speci-
fied for immediate and delayed recall, information pro-
cessing speed and non-verbal reasoning, and whether men
and women differ in rate of decline during the study peri-
od. We control for level of education as men, on average,
are higher educated than women. Although the level of
education is an important predictor of crystallized intelli-
gence, due to the interrelationship with fluid intelligence
[2] it may also affect fluid intelligence.
Method
Sample
Data are derived from the Longitudinal Aging Study Amsterdam
(LASA), which is an ongoing longitudinal, multidisciplinary research
project focusing on autonomy and well-being in the ageing popula-
tion [10]. The general design, measures, and procedures of LASA
have been described elsewhere [10, 11]. For the present study we
selected respondents who were at least 60 years old at baseline, as the
youngest birth cohort (i.e., aged between 55 and 59) was excluded for
the assessment of memory and speed at follow-up. We further
excluded respondents who might have been suffering from dementia
at baseline (23 or lower on the MMSE). Although it can be argued
that people at risk of dementia are an integral part of ageing as a
population process [7], we decided to exclude them because of the
differences in rate of cognitive decline between demented and non-
demented individuals [12]. Thus, the study sample consisted of
1,132 men and 1,175 women (74% of total sample) at baseline.
Attrition (n = 755) between T1 and T3 was caused by mortality
(560 persons, 75%), refusal (115 persons, 15%), frailty (62 persons,
8%), and failure to contact (18 persons, 2%). Attrition is associated
with all variables included in the analysis; lower scores on immediate
recall (–1.0 word on 15 Words Test) and delayed recall (–1.2 word on
15 Words Test), lower speed (–4 letter-letter combinations per trial of
1 min), lower scores on non-verbal reasoning (–1.7 on a 24-point
scale) being male, and high age (5 years older) (all p ! 0.001) at T1.
Measures 
Cognitive Variables. The cognitive abilities in this study were
aspects of fluid intelligence, i.e., immediate recall, delayed recall,
non-verbal reasoning and information processing speed. The 15-
Words Test [13], derived from the Auditory Verbal Learning Test
[14], was chosen for the assessment of immediate and delayed recall.
Raven’s Coloured Progressive Matrices [15] was used to measure
non-verbal reasoning. An adaptation of the Coding Task [unpubl.
data] was used to assess information processing speed.
Confounding Variables. Level of education was assessed by ask-
ing the respondent for the highest educational course completed,
resulting in a variable ranging from 1 (incomplete elementary educa-
tion) to 9 (university education). Age is presented in years.
Procedure. Latent change models [16] were used to estimate the
level and rate of change in the four cognitive functions. With this
type of modelling, it is possible to estimate individuals’ true levels of
cognitive functioning (level), true rates of linear (slope) and non-
linear (e.g. quadratic slope) change, as well as the individual variabil-
ity in test performance separately for men and women. The factor
loadings were constrained to be equal across time (factorial invar-
iance). No residual covariances, indicating that errors within or
between measurements are correlated, were included. For the one-
indicator models (i.e. delayed recall and non-verbal reasoning), we
further constrained the error variances of the indicators to be equal
across time (homoscedascity) in order to have a positive number of
degrees of freedom. When good fitting models were obtained (i.e.
CFI 10.95, RMSEA !0.06, SRMR !0.08 [17]), potential predictors
of level and change, i.e., age and level of education, were included.
The latent change models were estimated with Mplus 2.1 [17].
As a higher dropout rate was related to all study variables (see
sample description), missing values in our study sample could not be
considered missing completely at random (MCAR). If they were,
then a listwise deletion of observations with missingness on any of
the variables would not affect the parameter estimates [18]. If obser-
vations are missing at random (MAR), which is the case when proba-
bilities of values being missing can be predicted by variables that are
not missing [17], then a better approach is to use incomplete data and
estimate all missing values based on observation on the variables that
are not missing. Mplus performs maximum-likelihood estimation
under MAR.
Results
Two estimated parameters are of particular interest, i.e.
level and slope, and in the case of non-linear change, qua-
dratic slope [2]. The estimated levels and slopes for the four
cognitive abilities are estimated separately for men and
women (table 1). The levels describe the true level of cogni-
tive functioning, adjusted for age and level of education.
The slopes describe the annual rate of change during the
time in study, adjusted for age and level of education.
All models fitted the data moderately (delayed recall)
to excellent (non-verbal reasoning). The 95% confidence
intervals (CIs) indicate whether the parameters signifi-
cantly differ from zero (zero not included in the CIs), or
whether parameters differ significantly from each other
(no overlap in CIs). According to the levels and the
accompanying CIs, it appeared that women had higher
levels of immediate recall (+0.50) and delayed recall than
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Table 1. Latent level and slope of immediate recall, delayed recall, information processing speed, and non-verbal reasoning adjusted for age
and level of education, by gender
Cognitive
ability
Param-
eter
Men 95% CI
LL UL
Women 95% CI
LL UL
Fit statistics
¯2 d.f. CFI RMSEA SRMR
Immediate M level 4.09 4.01 4.20 4.59 4.52 4.71 (men)
recall slope 0.26 0.18 0.34 0.23 0.13 0.29 97.87 34 0.99 0.04 0.04
slope2 –0.20 –0.25 –0.14 –0.19 –0.22 –0.11 (women)
Var level 1.32 1.07 1.56 1.36 1.10 1.61 89.90 34 0.99 0.04 0.04
slope 0.02 0.01 0.03 0.01 0.00 0.02
Delayed M level 4.28 4.15 4.46 5.53 5.40 5.74 (men) 
recall slope 0.59 0.42 0.74 0.74 0.52 0.86 12.46 2 0.98 0.07 0.05
slope2 –0.44 –0.53 –0.32 –0.53 –0.61 –0.39 (women) 
Var level 3.57 3.01 4.21 4.53 3.87 5.34 16.11 2 0.98 0.08 0.07
slope 0.02 –0.01 0.05 0.04 0.01 0.07
Information M level 21.74 21.44 22.26 22.03 21.76 22.60 (men)
processing slope –0.36 –0.39 –0.29 –0.30 –0.33 –0.24 130.50 35 0.99 0.05 0.03
speed Var level 38.10 33.68 42.63 42.57 38.57 47.93 (women) 
slope 0.17 –0.00 0.34 0.16 0.06 0.38 125.08 35 0.99 0.05 0.04
Non-verbal M level 17.95 17.71 18.18 17.59 17.37 17.82 (men) 
reasoning slope –0.20 –0.21 –0.12 –0.17 –0.21 –0.13 3.32 3 1.00 0.01 0.01
Var level 11.00 9.63 12.36 9.62 8.27 10.97 (women) 
slope 0.05 0.00 0.10 0.00 –0.05 0.05 3.64 3 1.00 0.01 0.02
Significant effects appear in bold, significant differences between men and women in bold and italic (n men = 1,132, n women = 1,175).
M = Mean; Var = variance; LL= lower level; UL = upper level; d.f. = degrees of freedom; CFI = comparative fit index; RMSEA = root mean
square error of approximation; SRMR = standardized root mean square residual.
men (+1.25). Differences between men and women in lev-
el of information processing speed and non-verbal reason-
ing were not significant. The variances of the estimated
levels indicate substantial interindividual variability in
level of functioning within men and women.
The estimated slopes provide information on the an-
nual rate of change. As quadratic slopes make a visual
evaluation rather complicated, we calculated the average
total amount of change over 6 years in the four cognitive
abilities separately for men and women. There was signifi-
cant linear and non-linear decline in immediate recall (to-
tal decline: –0.24 for men, and –0.33 for women) and
delayed recall (total decline: –0.42 for men, and –0.33 for
women), and significant linear decline in information
processing speed (total decline: –2.16 for men, and –1.80
for women) and non-verbal reasoning (total decline: –1.20
for men, and –1.02 for women). Gender differences in
rate of decline did not reach the level of significance for
any of the cognitive abilities. The non-significant vari-
ances of the slope parameters indicate that the rate of
change within men and women was almost the same for
all individuals.
Discussion
In the present study we described inter- and intraindi-
vidual differences in level and rate of change of fluid intel-
ligence, adjusted for age and level of education. Our study
revealed that women had higher scores on immediate
recall and substantially higher on delayed recall. No gen-
der differences in information processing speed and non-
verbal reasoning were observed. Also the rate of cognitive
decline was not significantly different for men and wom-
en.
The non-linear decline in immediate and delayed re-
call may be due to an improvement in functioning at T2.
This improvement is often interpreted as a practice effect.
In many tests involving learning practice effects can be
observed [19]. Practice effects may have been due to the
fact that respondents have remembered the delayed recall
test, for which they were unprepared at the first measure-
ment cycle. They may therefore have listened more care-
fully to the words during the third measurement, which
resulted in a better overall score.
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The finding that women outperform men with respect
to immediate and delayed recall is in line with previous
research [5]. In contrast to other studies [6, 7], no gender
differences were found in speed and non-verbal reason-
ing. Based on studies on the structure of the brain [4],
stronger declines in fluid abilities for men were to be
expected. On the contrary, based on studies on the func-
tion of the brain [6], stronger declines for women were to
be expected. However, none of the findings on gender dif-
ferences in cognitive decline could be replicated.
Possible reasons for the differences in study results
may relate to the differences in methods. First of all, our
study results are based on longitudinal data, whereas for
the other studies cross-sectional data were used. Cross-
sectional studies confound age changes with cohort differ-
ences [20]. Apparently, the earlier born cohorts are in less
favourable positions than the later-born cohorts, which
explains that older people cross-sectionally have lower
scores on cognitive tests than younger people. With longi-
tudinal data it is possible to unravel age from cohort
effects. Second, with latent change models it is possible to
distinguish true change from observed change, by taking
into account the effect of measurement errors. When mea-
surement errors are present, it is possible that part of the
observed change must be attributed to measurement error
rather than to true change. Finally, in the latent change
models missing values were replaced by estimates based
on the remaining observations, which may reduce the
biasing influence of attrition.
To conclude, our study revealed that, on average, the
level of fluid intelligence decreases at age 60 and over. We
further revealed that women had higher levels on imme-
diate and delayed recall than men, and that there are rath-
er substantial individual differences in level of function-
ing. Furthermore, in spite of evidence for a stronger age-
related atrophy of the brain structure of men, no gender
differences in decline of cognitive functions could be
observed and interindividual differences in rate of cogni-
tive change are small.
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